An effective and efficient disease prevention and control strategy is of paramount importance to improve the quality and quantity of livestock production in the Indian context. Although livestock vaccination is considered an emerging innovation of socio-economic importance in the Indian dairy industry, the rate of adoption and diffusion of vaccination technology is very low at field level. In this context, the authors examined the efforts of the Government of India to protect livestock health and control disease, considered the lessons learnt from rinderpest eradication, looked at field practices and the reality on the ground, and studied the perceptions of multiple stakeholders with regards to the relevance, profitability and sustainability of vaccination.
No. 12122016-00091-EN 3/23 marginal and landless farmers. An effective and efficient disease prevention and control strategy is, therefore, of paramount importance to mitigate these effects. Vaccination is considered to be the best strategy for disease control and for minimising economic losses due to diseases, but diffusion and adoption of vaccination technology at field level is very low (7). Since livestock vaccination is considered an emerging innovation of socio-economic importance in the Indian dairy industry (8), the authors carried out a study to examine the perception of multiple stakeholders, i.e. dairy farmers, scientists and extension workers, towards its use in India. Even after heavy financial investments and mass vaccination programmes, the adoption rate for vaccination continues to be poor in India owingto weak research and extension and poor linkages with farmers. With this theoretical background, the authors of the present study have examined the efforts of the Government of India to improve livestock health and disease control. They consider the lessons learnt from rinderpest eradication, look at field practices and the reality on the ground, and examine the perception of multiple stakeholders with regards to the relevance, profitability and sustainability of vaccination. Finally, they propose certain policy implications for the Indian dairy industry to improve livestock production and productivity.
Materials and methods
A mix of both primary and secondary data was used in the study, which involved dairy farmers, extension workers and university scientists from four states in north India. The veterinary universities and districts selected for study, which were purposively chosen for the objectives of the study, are presented in Table I . The authors used multistage random sampling and the snowball method to select 15 dairy farmers from each of the 24 villages included in the study, making a final sample size of 360 farmers. All the respondents selected for the study were male. As dairying is predominantly an adjunct to agriculture under mixed farming systems and is mainly carried out by smallholders who own only afew animals, care was taken to select farmers who reared at least two dairy animals. In the present study, 73.1% of the respondents had 'agriculture with animal
No. 12122016-00091-EN 4/23 husbandry' as their major occupation, while only 5.3% of respondents said that 'animal husbandry'was their major occupation. The research scientists and extension workers included in the study were randomly selected. Care was taken to select 20 scientists and 10 extension workers from each university or allied Krishi Vigyan Kendra (Farm Science Centres), making a total of 80 scientists and 40 extension workers. Male and female participants were selected randomly:
women represented 12.5% of scientists and 17.5% of extension workers.
The data from the dairy farmers were collected either at their farm or home using a pretested interview schedule, while data from the scientists and extension workers were collected personally at their work place using a questionnaire. The authors also collected information gained through observation during interviews and group discussions and from secondary sources such as departmental 
Results and discussion

Status of livestock health and disease control in India
To effectively tackle the issue of livestock health and disease in India, the central government is supplementing the activities of the state governments through a centrally sponsored 'Livestock Health and Disease Control' scheme (11). Table II National Informatics Centre. It is a system that reports the occurrence of animal disease data from block-and district-level veterinary units.
Along similar lines, Lubroth et al. (13) reported that vaccination campaigns must be part of comprehensive disease control programmes to be successful. The global management of high-impact animal diseases can be tackled through programmes which focus on controlling diseases at source (14) .
Disease control programmes: lessons from global rinderpest eradication
Livestock diseases cause heavy losses in India and worldwide, including productivity losses resulting from morbidity (e.g. milk loss
and a reduction in growth) as well as the loss of livestock. In this situation, the central and state governments are making great efforts to implement disease control programmes that also include livestock vaccination. Such programmes help in bench-marking progress in animal health care and disease control, leading to improved livestock production and productivity. Although regular efforts are made to control disease incidence, they are no substitute for an effective, timely and location-specific vaccination intervention. Further, given that the adoption of vaccination is poor at field level (7), the states should also undertake extensive livestock extension activities to educate farmers about the benefits of vaccination and its ability to control economic losses due to disease (15). In this context, the 
Dairy farmers' perceptions of vaccination
Scientists' perceptions of vaccination
The present study found that 96.9% of the scientists perceived vaccination as relevant, while the remaining scientists thought that vaccination was irrelevant at field level. Table IV shows that all the scientists in the study perceived vaccination as profitable under field conditions. Further, a few scientists also responded that livestock vaccination indirectly helped the farmers in maintaining healthy livestock for better production and productivity. Moreover, the study also found that, within the pooled data, 66.7% of the scientists were in
No. 12122016-00091-EN 10/23 the 'medium' favourability category for the sustainability of vaccination, followed by 21.2% in the 'high' sustainable category. A study conducted in Uttar Pradesh revealed that more scientists than livestock farmers perceived vaccination as profitable and sustainable (13) .
Extension workers' perceptions of vaccination
The present study found that 95% of extension workers perceived vaccination as relevant to field conditions (Table V) . Further, the study also reported that, within the pooled data, 95% of the extension workers considered vaccination to be profitable, while 5% were in the 'undecided' category. Further, the study also revealed that, within the pooled data, 52.2% of the extension experts were in the 'high' favourability category for sustainability followed by 47.8% in the 'medium' favourability sustainable category. This indicates that even the experts were not in agreement about the sustainability of livestock vaccination in field conditions.
Constraints or problems in adoption of vaccination, as perceived by farmers
The following are the major constraints or problems perceived by The results of the study as a whole revealed that linkages among the three stakeholders, i.e. farmers, scientists and extension workers were not strong enough, which is evident from the constraints or problems perceived by the farmers in adopting vaccination. In a similar study, Also, the approach must allow farmers to choose the technologies that are appropriate for them, thereby eliminating the perception that the extension system is separate from the research system . Table VI also shows that, in terms of perceptions of the profitability of vaccination, there was a wide percentage gap between farmers and scientists (38.6%) and between farmers and extension workers (33.6%), while the gap between scientists and extension workers was very low (5%). 
Conclusion and policy implications
The perception of scientists and extension experts of vaccination is 
